Abstract
INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal neoplasms of the alimentary system and exhibit high resistance to conventional chemotherapy or radiotherapy [1] .
The incidence of GISTs has gradually increased in recent years with the development of histologic and immunohistochemical markers for diagnosis and advances in radiographic technology and endoscopic examination [2] . The widespread use of tyrosine kinase inhibitors has significantly improved the survival of patients with GISTs [2] . However, surgical resection is still the mainstay and most effective treatment for GISTs to date. GISTs should be completely resected with negative histological margins, and the tumor pseudocapsule should be kept intact to avoid tumor rupture during the operation [3] . Because lymphatic metastasis rarely occurs in patients with GISTs, lymphadenectomy is not routinely performed [4] . About 50%-60% of GISTs occur in the stomach [5] , and these gastric GISTs (gGISTs) are mainly located in the upper stomach [6] . Localized gGISTs were
traditionally resected by open resection (OR) [7] .
Increasingly more surgeons are performing laparoscopic resection (LR) to treat gGISTs because of the development and superiority of laparoscopic technology.
The first successful LR of a gGIST was reported by Lukaszczyk and Preletz in 1992 [8] . Several laparoscopic approaches for gGISTs are available, including wedge resection, proximal or distal subtotal gastrectomy, and total gastrectomy [7] . Intraoperative gastroscopy is usually used to help define the tumor location because the surgical approach depends on the tumor size and location. Tumor rupture is an independent prognostic factor for GISTs. Once a GIST has ruptured into the abdominal cavity, the risk of tumor recurrence and implantation metastasis become extremely high [9] . Because of the risk of tumor rupture, the application of a laparoscopic approach for gGISTs is restricted, especially for large tumors [10] . In some guidelines, LR of GISTs remains a cautious choice and is only recommended when performed by expert surgeons [11] . The 2016 National Comprehensive Cancer Network (NCCN) guideline suggests that laparoscopic surgery may be considered for GISTs in selected anatomic locations such as the anterior wall of the stomach, jejunum, and ileum. LR should follow the same principles of preservation of the pseudocapsule and avoidance of tumor rupture, just as OR [12] . Additionally, the previous NCCN guideline recommends the use of laparoscopic techniques for GISTs < 5 cm [13] . Whether LR can achieve equivalent effects or even show superiority over conventional OR remains unknown [14] . No prospective, multicenter, randomized controlled trials with sufficient samples have been performed to investigate the feasibility and safety of LR for gGISTs because of the low incidence of these tumors. To date, only a few retrospective studies have compared LR with OR for gGISTs, and the efficacy and safety of LR remain unconfirmed [15] . Therefore, more high-level clinical evidence is required.
The existence of confounders or selection bias in retrospective studies may result in imbalanced baseline data between the study group and control group; this consequently affects the reliability of the conclusions. In nonrandomized controlled clinical trials, epidemiological studies, and most observational studies, propensity score matching (PSM) is widely used to reduce selection bias caused by potential confounders and ensure that the baseline data are balanced [16] . In the present study, we retrospectively compared the short-and long-term outcomes of LR vs OR of gGISTs using PSM to adjust for confounding variables in the baseline data.
MATERIALS AND METHODS

Patients
In total, 301 consecutive patients who underwent surgical treatment for pathologically diagnosed gGISTs from 2005 to 2014 were primarily extracted from our prospectively maintained GIST database. Sixty-nine patients were excluded for the following reasons: (1) comorbidities involving other types of malignant tumors either present preoperatively or found intraoperatively; (2) a history of upper abdominal surgery or gastrectomy; (3) thoracotomy for GISTs involving the cardia or lower esophagus; (4) intraoperative confirmation of hepatic or peritoneal metastasis; (5) combined organ resection for involvement of adjacent organs; (6) an emergency operation for bleeding or perforation; (7) death during the operation; and (8) 
Clinicopathological data
All 224 patients were clinically suspected to have gGISTs based on preoperative gastroscopy, abdominal computed tomography, or endoscopic ultrasonography findings, and a diagnosis of gGIST was confirmed by postoperative pathologic examination in all patients. The following clinical data were collected: (1) demographic characteristics including age, sex, and body mass index (BMI); (2) clinical and operation-related data including the American Society of Anesthesiology (ASA) score, tumor location, type of surgical procedure, operative time, intraoperative blood loss, perioperative blood transfusion, time to postoperative first flatus, time to oral intake, postoperative length of hospital stay, postoperative complications, and adjuvant therapy; (3) histopathological data including tumor size, mitotic count, and stratification of risk of recurrence; and (4) prognostic information including follow-up duration, recurrence, and death. The tumor location was divided into three types: the gastric fundus and cardiac surroundings, the gastric body, and the gastric antrum and pyloric surroundings. The severity of postoperative complications was classified according to the ClavienDindo classification, and only grade ≥ 2 complications were considered for the morbidity analysis [17] . Stratification of the risk of recurrence was performed according to the 2008 National Institutes of Health standard [18] .
Surgical procedures
LR of gGISTs was initiated in our hospital in 2005. OR was historically more popular, but LR has become preferred with its extensive development and the accumulation of experience in the last decade. The operations were performed by gastrointestinal surgeons experienced in both open and minimally invasive surgery. OR was performed through a 15-to 20-cm subxiphoid incision, and LR was performed by a fouror five-trocar method. The abdominal cavity was first inspected to identify the tumor location and rule out invasion to adjacent organs or distant metastases. The methods of tumor resection were similar in both the LR and OR groups and included wedge resection, proximal gastrectomy, distal gastrectomy, and total gastrectomy depending on the tumor location, size, and distance to the cardia or pylorus. Lymphadenectomy was not routinely performed. Intraoperative gastroscopy was applied to define the tumor localization when the tumor was small or intracavitary. Linear and circular staplers were frequently used. Laparoscopic gastrectomy was performed via a 5-to 7-cm epigastric incision with hand-assisted anastomosis. In patients undergoing LR, the tumor specimen was removed using an extracting bag. All patients in this study achieved R0 resection without tumor rupture. No forced conversion to laparotomy occurred among patients undergoing LR.
Adjuvant treatment and follow-up
Imatinib therapy was recommended for patients with intermediate or high risk stratification. Follow-up was conducted at the outpatient clinic, telephone calls, or letters. The last follow-up occurred in May 2015. The follow-up data included adjuvant therapy, survival time, tumor recurrence, and death.
Statistical analysis
Statistical analysis was performed using SPSS 22.0 software (IBM Corp., Armonk, NY, United States).
The χ
2 test was used to analyze categorical data, and Student's t test was used for continuous data. PSM was used to match covariates between the LR and OR groups. These covariates included age, sex, BMI, ASA score, tumor location, tumor size, surgical procedure, mitotic count, and risk stratification. The propensity score was estimated using a multivariate logistic regression model based on this set of covariates for each patient. All patients in the LR group were then matched 1:1 to those in the OR group by nearest neighbor matching. A caliper was used to define the moderate and high risk of recurrence accounted for 45.54% of the study population. Before PSM, there were no significant differences in age, sex, BMI, or ASA score between the two groups (P > 0.05), but significant differences were present in other parameters (P < 0.05). Compared with the LR group, OR group had more tumors in the body of the stomach and distal stomach, more tumors with a maximum diameter of > 5 cm, underwent subtotal gastrectomy more often, and had more tumors with a mitotic count of > 5/PHF and intermediate/high risk of recurrence (P < 0.05). After PSM, 22 patients in the LR group and 42 patients in the OR group were excluded, and 80 patients in each group were included in the final PSM analysis. No statistically significant differences in any covariate were found between the two groups after PSM (P > 0.05).
Intraoperative and postoperative outcomes
The intraoperative and postoperative outcomes after PSM are shown in Table 2 . The LR group was significantly superior to the OR group with respect to the operative time, intraoperative blood loss, time to first flatus, time to oral intake, and postoperative maximum allowable difference (0.3) between two groups to ensure good matches. The Kaplan-Meier method was used to create a survival curve, and the log-rank test was used to detect differences between the two groups. All statistical tests were two-sided, and P < 0.05 was considered statistically significant.
RESULTS
Clinicopathological characteristics of the patients
In total, 224 patients were included in the primary analysis before PSM, and their clinicopathological characteristics are shown in length of hospital stay (P < 0.05), while no differences were present in perioperative blood transfusion (P > 0.05). No differences in the incidence of postoperative complications were observed between the two groups (5.00% in the LR group and 11.25% in the OR group; P > 0.05).
Long-term oncological outcomes
The adjuvant therapy and oncological outcomes in the LR and OR groups after PSM are shown in Table 3 .
There was no significant difference in the proportion of patients who received postoperative imatinib between the LR and OR groups (27.50% vs 23.75%, respectively; P > 0.05). The mean follow-up time was 35.30 ± 26.02 (range, 4-102) mo in the LR group and 40.99 ± 25.07 (range, 4-122) mo in the OR group, with no significant difference (P > 0.05). There were no significant differences between the LR and OR groups in the number of patients with recurrence (3 vs 4, respectively; P > 0.05) or died (1 vs 2, respectively; P > 0.05). Additionally, no significant differences were found in the disease-free survival (DFS) time or overall survival (OS) time (P > 0.05). No significant differences were present between the LR and OR groups in the 5-year DFS rate (97.50% vs 96.25%, respectively; P > 0.05) or 5-year OS rate (98.75% vs 98.75%, respectively; P > 0.05). The Kaplan-Meier DFS and OS curves are shown in Figure 1A and B, respectively.
DISCUSSION
Surgical treatment is the gold standard for gGISTs [2] . Unlike other types of malignant tumors requiring a sufficient distance to the incisal margin and performance of lymphadenectomy, GISTs only require the achievement of R0 resection, and lymphadenectomy is not necessary. Therefore, LR seems to be more applicable than OR for patients with GISTs [15] . Compared with conventional OR, LR shows advantages including less trauma, lower stress, less pain, and faster recovery. These advantages have been proven in several gastrointestinal surgeries, including laparoscopic surgeries for gastric and colorectal cancer. Laparoscopic gastrointestinal surgery can benefit the recovery of intestinal motility, promote early flatus and food intake, and reduce the length of hospital stay [19] . LR plays an important role in enhanced recovery after surgery for gastrointestinal diseases and has been gradually performed in clinical practice, resulting in improved clinical outcomes [20] . LR can cause less stress and decrease the inflammatory response, which may reduce postoperative complications [21] . In one study involving distal gastrectomy with D2 lymphadenectomy for the treatment of gastric cancer, LR and OR were similar in terms of postoperative complications and mortality as well as the severity of complications [19] . In another study of total gastrectomy, LR reduced postoperative infectious complications [22] . Moreover, LR reportedly increased the survival time of patients with colorectal cancer undergoing elective surgery [23] . Surgeons have attempted to apply laparoscopic techniques to gGISTs because of the above-mentioned advantages. Some studies have proven the positive effects of LR in improved perioperative outcomes in patients with gGISTs [24] . Regardless of whether the gGIST is small [25] or large [26] , LR can enhance the recovery of intestinal motility, promote early flatus and food intake, and reduce length of hospital stay; these benefits were also proven in the present study. These advantages are mainly associated with less trauma, milder stress, and less pain. OR usually requires larger incisions and tense sutures, which cause severe pain after surgery and often postpones early ambulation, necessitates analgesic drugs, prolongs the recovery of intestinal mobility, and lengthens the hospital stay [27] . Our study also confirmed that LR is superior to OR in terms of operative parameters. The operative time of LR was shorter than that of OR, which may have been due to the time-consuming procedures involved in opening and closing the abdomen in OR [27] . The time-saving advantages of LR are more obvious when treating gGISTs with a better location or smaller size. The lower blood loss volume in LR may provide benefits with respect to an enlarged visual field, enlarged small vessels, fine anatomic dissection, and better laparoscopic hemostasis [28] . The decreases in the operative time and intraoperative blood loss will be more obvious with the development of laparoscopic instruments and improvement in surgeons' skills.
Although LR of gGISTs can enhance recovery after surgery, surgeons tend to be more cautious regarding its safety and effects on the long-term oncological prognosis. Once a GIST has ruptured during the operation, the recurrence rate is close to 100%; this limits the use of laparoscopy [29] . Large tumors become more adherent to the surrounding tissues, which makes laparoscopic procedures difficult and risky. The recent NCCN guideline on GISTs revised the restrictions on the maximum diameter of GISTs when performing LR and suggested that the diameter of the GIST should be < 5 cm. Experienced centers and surgeons are recommended to consider application of laparoscopic techniques in the treatment of GISTs [30] . Our center has accumulated experience in LR of both small and large gGISTs, and no intraoperative rupture has occurred to date. No significant difference in postoperative complications was observed between the LR and OR groups in the present study, which is consistent with the findings of other studies [31, 32] . Some other studies have shown that LR of gGISTs may reduce postoperative complications [33] . The
Clavien-Dindo classification is a commonly used evaluation system for postoperative complications [17] . Chen et al [34] found that fewer grade 1 to 3 postoperative complications occurred in LR than in OR of gGISTs, but no difference in grade 3 to 4 postoperative complications was found. Most grade 1 complications have no clinical importance, and the assessments differ according to the clinicians' experience and preference [17] ; thus, we analyzed only grade ≥ 2 complications. The classification criteria for postoperative complications vary among different centers and clinicians, which may explain the different results among previously published studies.
We also included a certain number of gGISTs with a diameter of > 5 cm, and the maximum diameter in the LR group was 14 cm. Most of the tumors were present outside of the stomach cavity. The basal part of the tumor in the stomach wall was relatively small, and the main body protruded from the serosa. The tumor was slightly adherent to the surrounding organs without invasion. With careful and precise dissection, a laparoscopic technique was successfully applied to divide the tumor and keep the pseudocapsule intact. Therefore, we suggest that a large tumor size is not an absolute contraindication for LR and that individualized evaluation is necessary in each case. Whether LR is a suitable choice depends on the results of a comprehensive evaluation including tumor location, growth features, and the relationship with the surrounding tissues. LR is safe and feasible for gGISTs in selected cases. Moreover, laparoscopic experience is necessary, just as other guidelines have suggested. OR or conversion to OR during LR may still be required despite the advantages of LR. In the present study, we excluded some very large tumors to balance the two groups; one of these tumors was 29 cm. OR may be more appropriate for these rare gGISTs. Moreover, a large abdominal incision is usually needed to remove such a large tumor.
The influence of LR and OR on the long-term prognosis of patients with gGISTs is a concern of clinicians, but the literature provides conflicting data on this topic. Most studies have shown no significant differences in postoperative recurrence and the survival time between LR and OR [35] . Some other studies have obtained different results. A European multicenter study of 61 centers involving 1413 patients with gGISTs revealed that the 5-year DFS rate in the LR group was significantly higher than that in the OR group [33] . In another meta-analysis, the recurrence rate in the OR group was significantly higher than that in the LR group. However, careful analysis of the data revealed selection bias between the two groups. Tumor size and risk stratification as two prognostic factors closely correlated with recurrence were unbalanced between the two groups. Once matched, the recurrence rate in the OR group was not higher than that in the LR group [28] . Most results to date were derived from retrospective studies, which may have different conclusions because of confounding factors or selection bias. After matching for the main potential confounders in our study, we found no significant difference in DFS or OS between the two groups; this is consistent with other reports [35] . With a better understanding of the molecular pathogenesis of GISTs and the application of tyrosine kinase inhibitors, the prognosis of patients with GISTs has been greatly improved [2] . Some studies have shown 5-year DFS rates of > 90% after adjuvant therapy [33, 36] . Recent studies have found that the main prognostic factors of GISTs are the pathological features, including tumor size, mitotic count, tumor location, and intraoperative rupture [10] . The potential influence of LR and OR on these prognostic factors mainly depends on whether the incidence of intraoperative rupture increases in association with different approaches. As previously confirmed, with a carefully performed operation and the use of a specimen bag, LR is safe and feasible and does not increase the risk of rupture in appropriately selected patients. Furthermore, postoperative complications in patients with a variety of other malignancies may lead to a poor prognosis [37] ; this is associated with the negative effects of postoperative complications on the initiation of subsequent anti-tumor therapy [38] . However, our study has proven that LR does not increase the incidence of postoperative complications in patients with gGISTs, and even in other studies, LR reduced the postoperative complications [33] . Notably, GISTs differ from other malignant tumors derived from epithelial cells in that R0 resection without lymphadenectomy fulfils the principle of radical resection of GISTs. For patients with epithelial malignant tumors, clinicians are often concerned about whether LR can achieve dissection of a sufficient range and number of lymph nodes as in OR [21] because this factor is closely associated with the prognosis of patients with such tumors [39] . There are some limitations in our study. Like all retrospective studies, selection bias may have been present. Although we used PSM to balance the baseline data between the two groups, some patients were eliminated and the generality of all patients with gGISTs may have been affected. For example, we excluded some patients with large tumors in the OR group, but OR may be more suitable for these tumors. Moreover, when we chose the covariates for PSM, some other factors that we did not consider may have still been present. PSM is used only for observable covariates, and some unknown confounding factors may still have an impact on the results. Therefore, prospective randomized controlled trials would be meaningful and are expected.
COMMENTS
Background
Surgical treatment is the gold standard for gastric gastrointestinal stromal tumors (gGISTs). Increasingly more surgeons are performing laparoscopic resection (LR) instead of open resection (OR) to treat gGISTs due to the development and superiority of laparoscopic technology. The efficacy and safety of LR remain unconfirmed and more high-level clinical evidence is required. Propensity score matching (PSM) is widely used to reduce selection bias caused by potential confounders in retrospective studies. The aim of this study was to retrospectively compare the short-and long-term outcomes of LR vs OR of gGISTs using PSM to adjust for confounding variables in the baseline data.
Research frontiers
This study was based on the experience of laparoscopic surgery for gGISTs in a large single center. The authors extracted the research data from their database which has been prospectively maintained for more than ten years, and retrospectively compared the two approaches using PSM to reduce selection bias caused by potential confounders.
Innovations and breakthroughs
Laparoscopic surgery for gGISTs is superior to open surgery with respect to intraoperative parameters and postoperative recovery outcomes without compromising long-term oncological outcomes.
Applications
A large tumor size is not an absolute contraindication for LR of gGISTs. LR is safe and feasible for gGISTs in selected cases after a comprehensive evaluation including tumor location, growth features, and the relationship with the surrounding tissues.
Terminology
GISTs are the most common mesenchymal neoplasms of the alimentary system and exhibit high resistance to conventional chemotherapy or radiotherapy. Surgical resection is still the mainstay and most effective treatment for GISTs to date. GISTs only require the achievement of R0 resection while lymphadenectomy is not necessary. PSM is a useful statistical method which is widely used in nonrandomized controlled clinical trials, epidemiological studies, and most observational studies to reduce selection bias caused by potential confounders and ensure that the baseline data are balanced.
